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DESCRIPTION 

SYSTEM AND METHOD FOR POSITIONING DENTAL DIGITAL X-RAY 

APPARATUS 

5 

TECHNICAL FIELD 

The invention relates to a system and method for positioning digital dental X-ray appara- 
tus. In dentistry, much time is spent on positioning X-ray apparatus. The practitioner 
10 must comply with a fixed sequence of operations. In one possible sequence of operations 
he might pass from a large-area photograph (eg, panoramic image) to smaller images 
(for example an intraoral image of a detail or some other tomographic image of details, 
eg, individual teeth). Determination of the detail area is carried out on the basis of the 
general image (panoramic image). 

15 

BACKGROUND OF THE INVENTION 

X-ray apparatus for making panoramic radiograms and individual images therefrom is 
disclosed in DE 3 545 509 (US 4,847,881) and DE 3 545 493 (US 4,813,060). Digital X- 
2 0 ray images for panoramic radiograms and cephalometric images are disclosed in EP 
0 632 994 (US 5,511,106). The production of digital intraoral images using an intraoral 
sensor is disclosed in EP 0 643 901 (US 5,513,252). The features disclosed in these 
documents are incorporated in this application by reference. 

2 5 Instructions for further investigation are usually passed on verbally or in writing. 

DE 197 03 556 Al discloses a method of positioning radiographic apparatus in which at 
least one X-ray image of an object to be examined is produced using X-ray apparatus. 
The X-ray apparatus is provided with a detector system, by means of which the position 

3 0 of marking means disposed on the object to be examined or at a fixed position relative to 

the object to be examined is registered in a detector coordinate system that is coupled to 
the detector system. The position of the X-ray apparatus is determined in an object coor- 
dinate system, which is coupled to the object to be examined. Then the position of a 
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point of the object depicted as a halftone dot in an X-ray image is determined in the ob- 
ject coordinate system. By means of this method the precise assignment of a point in an 
X-ray image to a point in or near the object to be examined is possible. Furthermore, 
exact positioning of a treatment instrument is also possible. 

5 

It is an object of the invention to provide a system and method making it possible to ob- 
tain images of details in an efficient manner. 

SUMMARY OF THE INVENTION 

10 

This object is achieved by a system and a method comprising the features defined in the 
independent claims. 

In particular, this object is achieved by a system for positioning X-ray apparatus, which 
system exhibits input and output devices for interactive control. The input and output 
devices provide the user with means for controlling the system. These devices are pref- 
erably a keyboard and a display monitor, which are used in conjunction with a pointing 
device for specifying areas. In one storage area there is stored at least one digitized, 
preferably single, X-ray image and information concerning the X-ray apparatus. The 
information concerning the X-ray apparatus is stored in relation to the X-ray image. This 
makes it possible to assign areas of an X-ray image to certain information concerning the 
X-ray apparatus. This information concerning the X-ray apparatus preferably relates to 
position parameters of the movable parts. Thus a certain area of an X-ray image can be 
associated with the corresponding parameters of the X-ray apparatus. Vice versa, the X- 
ray apparatus can be controlled by the X-ray image. 

The system also has a computer interface, via which information can be exchanged with 
the X-ray apparatus. In order to specify the area to be considered for an image of a de- 
tail, means are provided for selecting areas in the digitized X-ray image. Said means 
3 0 preferably comprise a pointing device, by means of which areas already saved can be 
selected or by means of which areas not yet created can be specified. This pointing de- 
vice can be a mouse, for example, by means of which an area can be specified or drawn. 
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Another component of the present invention is a processing unit, which carries out cal- 
culations on the basis of the digitized, preferably individual X-ray image, the associated 
information concerning the X-ray apparatus and the selected area in order to ascertain 
control data for steering the X-ray apparatus to make it cover the selected area. These 
5 calculations are preferably based on the path information, which, as described above, has 
been assigned to the imaging information. The path information gives knowledge of the 
movement of the X-ray apparatus carried out at a certain point of time. Thus the coordi- 
nates of the X-ray apparatus are given in relation to a certain point of time. 

10 From current and voltage parameters it is possible to determine the intensity of the radia- 
tion both from the radiation source and from the sensor. This allows conclusions to be 
drawn regarding the image information. 

In addition, the representation of potentials as gray tones, in which the X-ray image is 
15 represented, tends to be faulty. In order to by-pass this source of error, is it necessary to 
possess knowledge of the image. By this means deviations can be eliminated by compu- 
tation. 

In a preferred embodiment, the calculation carried out to determine the control data 

2 0 takes account of the type of examination and the purpose of diagnosis as determined dur- 

ing clinical inquiries. The two together give the type of image. Thus the parameters of 
the X-ray apparatus must be set differently when a root is to be examined from when 
inspection of a caries affection is to be carried out, since the latter mainly involves the 
surface of the tooth. 

25 

Patient-dependent data, such as size, weight, type, race, age, jaw shape, and previous 
treatments, may also be taken into account when discerning the control data for the X- 
ray apparatus. For example, radiation must be set lower for a small child's dentition. 

3 0 In order to simplify the use of the system as far as possible, the teeth may be recognized 

by pattern recognition algorithms in advance so that the user only has to select the teeth 
for which he requires further images. It is thus not necessary for the user to draw an area 
manually in the image. 
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On the basis of statistical and stochastic data it is possible to discern further information 
regarding the anatomy of the patient, which can in turn be included in the calculation of 
the control data. 

5 

The present invention also relates to a method of positioning X-ray apparatus. In a first 
step, at least one digitized, preferably individual, X-ray image is loaded and displayed. It 
is usually displayed by a display unit, in particular a display monitor. A second step in- 
volves the determination of the coordinates of areas required to be shown in another X- 

10 ray image. Such determination can be carried out either manually by drawing in the ar- 
eas, or by interactively selecting submitted proposals. In a third step, information con- 
cerning the X-ray apparatus is loaded, from which it will be seen what parameters are 
required for making a new image of the selected area. In a fourth step, calculations are 
carried out based on the digitized X-ray image, the relevant information concerning the 

15 X-ray apparatus, and the selected area, in order to ascertain control data which will steer 
the X-ray apparatus such that the selected area is imaged. The individual calculation 
steps have been described above. 

The information concerning the X-ray apparatus preferably relates to coordinates of the 
2 0 trajectories stored in relation to the digitized X-ray image. With the aid of this informa- 
tion it is possible to calculate a segment of the trajectory for the selected area. 

The calculation can likewise take into account current and voltage parameters which 
have been stored in relation to the digitized X-ray image. 

25 

Furthermore, the operating parameters of the sensor can also be varied, for example its 
pulse rate, and also the parameters for calculating the X-ray image with reference to the 
signals coming from the sensor, for example, during read-out of full frames, the overlay 
taking place in the processing unit for subsequent determination of the sharp layer. 

30 

In addition to the patient-dependent data, such as size, weight, type, race, age, jaw 
shape, and previous treatments, the calculation carried out to determine the control data 
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can take into account the type of examination and the purpose of diagnosis according to 
clinical inquiries. 

Automatic recognition of the areas, particularly the teeth, is made possible by pattern 
recognition algorithms. However, these areas can be changed or determined manually, if 
desired. 

As in the case of the system, statistical and stochastic linkings of the individual parame- 
ters are carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Below, the invention is explained in greater detail with reference to working examples 
illustrated diagrammatically in the drawing, in which 

Fig. 1 shows, diagrammatically, the flow of operations involved in determination of the 
presettings for the X-ray apparatus, 

Fig. 2 shows the automatic selection of an area to be examined with reference to a digi- 
tized dental panoramic radiogram, and 

Fig. 3 depicts the manual selection of an area to be examined with reference to a digi- 
tized dental panoramic radiogram. 

Working example 

Calculation of the presettings involves the previous position, the previous image, and the 
previous trajectory. Also required for the calculation is the new object to be examined 
and the new type of examination. The new settings are calculated in the manner de- 
scribed above. The X-ray apparatus is set on the basis of the parameters thus determined. 

In addition to fixing the position of an emitter of the X-ray apparatus, an occlusal de- 
vice, chin and/or forehead holding means, and/or an ear holder can be positioned so as to 
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hold the patient in a position suitable for making the image. This ensures reproducibility 
for a subsequent X-ray image for comparison purposes or for following up the proce- 
dure. Positioning of the X-ray apparatus and/or the patient also involves detectors con- 
nected to the X-ray apparatus for making panoramic radiograms (PAN) or transversal 
5 tomograms (TSA) and movable intraoral sensors (10 sensors) optionally using special 
holders for maintaining their position in the mouth of the patient. 

The digitized X-ray image used can, in the simplest type of embodiment, be a standard- 
ized X-ray image showing specific partial areas of the teeth, by means of which, together 
10 with the general device data, rough adjustment of the X-ray apparatus can be carried out 
according to the desired image selection. 

Figs. 2 and 3 show selection possibilities relating to an area to be examined with refer- 
ence to a digitized dental panoramic radiogram. In the case of Fig. 2, selection of the 
15 area is carried out by entering designations of the teeth to be selected or by clicking on 
the teeth stored as partial areas of the panoramic radiogram, which teeth will then be 
high-lighted. In Fig. 3, the selection of the area is carried out by positioning a selection 
box, which may simulate the shape and position of an intraoral sensor. 

2 0 It is particularly advantageous, however, to use existing individual X-ray images of the 

patient, in which the actual device data used for making the image are saved. Further- 
more, an X-ray photograph provided by the patient and used for positioning purposes 
may exhibit a patient-related association of partial areas so that the selection of the par- 
tial area within the patient-related image increases the accuracy of positioning. 

25 

It may possibly be necessary to supplement the automatically determined position of the 
apparatus by manual corrections. These corrections can likewise be stored in the X-ray 
image together with the image information and thus be available for future images. 

3 0 The system and the method can be designed such that not only individual images can be 

made from the selected position but also a series of images can be created starting from 
the selected position with subsequent adjustments to the position of the X-ray apparatus, 
for example, when making images of a number of layers of a specific tooth to provide a 
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transversal tomogram. The type of image to be made is chosen prior to calculation of the 
control data by additional means and is taken into account during computation of the 
control data. Furthermore, when movable means are provided for positioning the patient, 
the control data therefor may also be detected or, for the succeeding image, preset. 

The method can be set down in the form of a software program as defined in any one or 
more of the following method claims. A data medium can contain a data structure that is 
capable of running on a computer to carry a method as defined in one or more of the fol- 
lowing method claims into effect. 



